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Exp. No. 1 Whirling of Shafts 
Aim of the Experiment: 
1. Verification of Whirling theory. 
2. Verification of Dunkerley's Equation.

1. Introduction
 For any rotating shaft, a certain speed exists at which violent instability occurs. The shaft suffers excessive deflection and bows, a phenomenon known as whirling. If this critical speed of whirling is maintained (called First Critical speed), then the resulting amplitude becomes sufficient to cause buckling and failure. However, if the speed is rapidly increased before such effects occur, then the shaft is seen to re-stabilize and run true again until another specific speed is encountered where a double bow is produced as shown in Figure-1. The second speed is called "Second Critical". Whirling speed depends primarily on the stiffness of the shaft and mass distribution (as will be seen later). When the shaft is loaded, the whirling speed will be shifted due to the effect of the new mass. Dunkerley set the equation that relates the overall whirling frequency with critical frequencies introduced by the shaft and load individually. This equation is valid for any number of loads. Studying whirling of shaft is of great important due to huge number of applications in various fields. For example, all rotating machinery involve shafts with rotating parts such as rotors in electrical motors, impellers in pumps, blades in turbines ….etc. On the other hand, Dunkerley's Equation is found to be useful not only in studying whirling of loaded shafts, but also in structural analysis and frequency response testing.
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2. Theory
The critical frequency for a shaft may be obtained from the fundamental frequency of a beam subjected to a transverse vibration;
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where
f : critical frequency in Hz
[image: ]E : Young's modulus
I : Second moment of area of the shaft;  

w : Weight per unit length of the shaft
 : Constant dependant upon the fixing conditions and mode and can be found from the following table;
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For a shaft loaded with a number of disks as shown in Figure-2, the first critical frequency for the system can be found from Dunkerley's Equation as follows;
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Where
f : critical for the system as a whole
fs : critical speed of the shaft alone (first critical calculated from eq. (1))
f1, f2, f3 : critical speeds due to attaching disk 1, 2 and 3 individually without the effect of other masses

3. Apparatus of the Experiment
This is TecQuipment TM1 Whirling of Shafts Apparatus shown in Figure-3. The shaft is
located in the kinematic coupling and either the fixed or free type end bearing. Several shafts of various lengths and diameters are available.
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The kinematic coupling and sliding end bearings have been designed to allow the shaft movement in a longitudinal direction. The sliding end bearing is interchangeable to allow the selection of support type between directionally fixed and free support. A movable part is provided as a part of the kinematic coupling which allows the selection of support type. When this part moved away from the coupling, the resulting support will be directionally free. The shaft is driven by a DC motor capable of providing 6000 RPM through the kinematic coupling which possesses double universal joint. The motor speed is controlled by TQ E3 control unit. In order to maintain the amplitude of vibration within specific limits, two nylon guards are provided and are adjustable along the length of the apparatus. The sliding end bearing may be moved to enable various shaft lengths to be selected. In addition, four disks are supplied to providing loading to the shaft. These disks can be fitted to the 7mm diameter shaft. Two of them are of equal mass at 300g, the third has a mass of 400g. Additionally, a stroboscope is used to measure the rotational speed and also to observe the shaft configuration during whirling. This stroboscope may be synchronized through a trigger signal provided by TQ TM1 apparatus.





4. Experimental Procedure and Calculations

Part A: Whirling of shafts without loading
1. Attach a shaft of known diameter and length to the apparatus.
2. Select simply supported configuration by moving out the sliding part of the kinematic coupling and using the free support at the other end. Calculate the theoretical first and second whirling speeds from eq. (1). The density of shaft material is 8200 kg/m3, and Young's modulus is 207 GN/m2.
3. Switch on the speed control unit and adjust the speed carefully until obtaining the largest amplitude of whirling. Read the speed on the stroboscope and observe the shaft in the first mode, it should contain a single bow. Increase the speed slowly until you obtain the second mode and record the rotational speed. Observe the shaft in the second mode.
4. Change the support type to fixed-supported and then to fixed-fixed and repeat steps 2 and 3.
5. Replace the shaft with another one of different diameter and repeat the above steps. Record the results as in a table as below:
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Part B: Whirling of loaded shafts
1. Use the 7mm shaft in simply-supported configuration. Attach the first disk of 400g midway between the two supports.
2. Switch on the speed control unit and adjust the speed carefully until you obtain whirling condition. Record the whirling frequency of the system f.
3. Calculate the critical frequency for the first disk alone, f1 , from the following equation:
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Where fs is the whirling frequency for the shaft alone in the simply-supported configuration
and can be taken from Part A.
4. Remove disk No. 1 and attach disk No. 2 (300g) at 0.25L from the motor-side support and repeat the above procedure to calculate f2 for the second disk alone.
5. Attach disk No. 3 alone at 0.75L from the motor-side support and repeat the procedure to calculate f3 for the third disk alone.
6. Attach all the three disks at the same positions and run the DC motor to find the critical frequency for the combination. Verify that eq. (2) is satisfied. Arrange your reading as in the table below:
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5. Discussion
1) Compare the values of theoretical and experimental frequencies for Part A and state the reasons of differences if exist.
2) For Part B, compare the value of the observed critical frequency for the combined system with that one calculated from eq. (2). Is Dunkerley's Equation satisfied?
3) Explain how we can avoid critical frequencies in the manufacturing of rotating machinery.
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Exp. No. 2 Static and Dynamic Balancing Apparatus


Theory 
A shaft with masses mounted on it can be both statically and dynamically balanced. If it is statically balanced, it will stay in any angular position without rotating. If-it 1s dynamically balanced, it can be rotated at any speed without vibration. It will be shown that if a shaft is dynamically balanced it is automatically in static balance, but the reverse is not necessarily true.

2.1 Static Balance 

Figure 2.1 shows a simple situation where two masses are mounted on a shaft. If the shaft is to be statically balanced, the moment due to weight of mass (1) tending to rotate the shaft clockwise must equal that of mass (2) trying to turn the shaft in the opposite direction. Hence for static balance,

Hence for static balance,
[image: ]


The same principle holds if there are more than two masses mounted on the shaft, as shown in figure 2.2. The moments tending to turn the shaft due to the out of balance masses are:-
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In general, values of W, r and a have to be chosen such that the shaft is in balance. However, for experiments using the TM107 apparatus, the product Wr can be measured directly for each mass and only the angular positions have to be determined for static balance. If the angular positions of two of the masses are fixed, the position of the third can be found either by trigonometry or by drawing. The latter technique uses the idea that moments can be represented by vectors as shown in figure 2.3(a). The moment vector has a length proportional to the product Wr and is drawn parallel to the direction of the weight from the centre of rotation.

For static balance the triangle of moments must close and the direction of the unknown moment is chosen accordingly. If there are more than three masses, the moment figure is a closed polygon as shown in figure 2.3(b). The order in which the vectors are drawn does not matter, as indicated by the two examples on the figure. If on drawing the closing vector, its direction is opposite to the assumed position of that mass, the position of the mass must be reversed for balance. For example, mass (4) shown in figure 2.3(b) must be placed in the position shown dotted to agree with the direction of vector W4, r4.

2.2 Dynamic Balance
The masses are subjected to centrifugal forces when the shaft is rotating. Two conditions must be satisfied if the shaft is not to vibrate as it rotates:-
(a) there must be no out of balance centrifugal force trying to deflect the shaft.
(b) there must be no out of balance moment or couple trying to twist the shaft..
If these conditions are not fulfilled, the shaft is not dynamically balanced.
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Exp. No. 2 Centrifugal Governor
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3 Disk 3 alone (From part A)
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1. INTRODUCTION:

‘The function of a govenor is to regulate the mean speed of an engine, when there are variations in
loads ez when load on an engine increase or decrease, obviously its speed will, respectively
decrease or increase to the extent of variation of load. This variation of speed has to be controlled by
the governor, within small limits of mean speed. This necessitates that when the load increase and
consequently the speed decreases, the supply of fuel to the engine has to be increased accordingly to
compensate for the loss of the speed. 50 as to bring back the speed to the mean speed. Conversely.
‘when the load decreases and speed increases, the supply of fel has to be reduced.

2. THEORY:

‘The function of the governor is to maintain the speed of an engine within specific limit whenever
there is a variation of load. The govemor should have its mechanism working in such a way, that the
supply of fuel is automatically regulated according to the load requirement for maintaining
approximately a constant speed. This is achieved by the principle of centrifugal force. The
centrifugal type govemors are based on the balancing of centrifugal force on the rotating balls by an
equal and opposite radial force, known as the controlling force.

1. Centrifugal Govemors

2. Tnertia Govemnors.

‘The centrifigal governors are based on the balancing of the centrifigal force on the rotating balls by
‘an equal and opposite radial force, known as controlling force.

In Tnertia govemors the position of the balls are affected by the forces set by an angular acceleration
o deceleration of the given spindle in addition to centrifgal forces on the balls.

‘The apparatus is designed to exhibit the characteristics of the spring-loaded governor and centrifigal
‘govemor. The experiments shall be performed on followings centrifugal type governors:

1. Watt govemor

2. Porter governor

3. Proell govemor

4. Hartnell govemor
‘The drive unit consists of a DC motor connected to the shaft through V' belt. Motor and shaft are
‘mounted on a igid MS base frame in vertical position. The spindle is supported in ball bearing

‘The optional governor mechanism can be mounted on spindle. The speed control it controls the
precise speed and speed of the shaft is measured with the help of hand tachometer. A counter sunk
has been provided at the topmost bolt of the spindle. A graduated scale is fixed to measure the sleeve
it

‘The center sleeve of the Porter and Proell governors incorporates a weight sleeve to which weights
can be added. The Hartnell governor consists of a frame, spring and bell crank lever. The spring
fension can be increased or decreased to study the governor.
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3. EXPERIMENTAL PROCEDURE:
3.1 STARTING PROCEDURE:

Assemble the governor to be tested.

Complete the electrical connections.

‘Switch ON the main porwer

Note down the initial reading of pointer on the scale.

‘Switch ON the rotary switch.

Slowly increase speed of governor until sleeve is lifted from its nitial position by variac.
Let the governor be stabilized.

Note down the sleeve’s height and relative RPM (with help of hand tachometer).

Tncrease speed of governor in steps to get different positions of sleeve lift at ifferent RPM.

PR RS

OSING PROCEDURE:

Decrease the speed of govemor gradually by bringing the variac to zefo position and then
switch off the motor.

‘Switch OFF all switches.

Disconnect all the connections.

- &

4. NOMENCLATURE:

2| Distance of pivot o ceter of spindie
Faw | Theoretical centrifugal force

Fuo | Actual centrifugal force

€ | Acceleration due fo gravity
H

)

Tieight of governor

Final height

| Toitial height

T | length of fink

Naw | theoretical speed of govemor

| Actual speed of govemor while ascending
| Actual speed of govemor while descending
radius of rotation
Weight of balls on one side

Final height of Sleeve

‘height of sleeve at N rpm

initial reading of pointer on sleeve
Angular velocity

“Total weight on sleeve
Weight of cast iron seeve

"Dead weight applied on sleeve
"Weight of amns on one side

Toitial Angle

Toitial Angle
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Experiment No. 1
Performance on Gravity Controlled Governors.
1. Watt Governor

Ttis assumed that mass of the arms links & sleeve are negligible in comparison with the mass of the
balls and are neglected in the analysis

WATT GOVERNOR
Figme 1

GIVENDATA:

Acceleration due to gravity g = 9.81m/sec’

1
2. Length of link. L= 105 mm
3. Tnitial height ' = 100 mm
4. Distance of pivot to centre of spindle, a = 52.5 mm
5. Weight of balls on one side, w=1498 kg
OBSERVATION TABLE:

X = mm
SrNo | X mm | Nasc rpm [ Ndes pm
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RESULT TABLE:

Ascending

X, mm

b, mm

H mm

R.mm

rad/sec

Fau kg
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rad/sec

Fac. kg

Foseo,

Plot the graph for following curv

1. R/Hvs Niho
2. RHuvsNact
3. XvsNiho
4. XvsNact

CONCLUSION:
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